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@ Semiconductor power module. 



(g) In a power module (31) iiaving at least one 
power device chip (32) and circuits for driving 
and controlling the power device chip which are 
incorporated within one and the same package, 
a heat spreader (39) which is constituted by a 
material having a heat dissipation property and 
supports the power device chip on- its upper 
surface is inserted into an opening (41) formed 
. in a control substrate (33) having an upper 
surface on which patterns for forming the chip 
driving and controlling circuits and a connec- 
tion pattern for connection with the power de- 
vice chip (32) are printed, and the control 
substrate (33) and the heat spreader (39) inser- 
ted into the opening (41) are fixedly supported 
on a base substrate (34). Thus, the power device 
chip (32) and the control substrate (33) can be 
disposed in plane and reduced in size. 
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The present invention generally relates to power 
modules and particularly relates to a power module in 
which at least one power device chip and circuits for 
driving and controlling the power device chip are in- 
corporated within one and the same package. 

Being small in size and excellent in workability, 
such a power module in which at least one power de- 
vice chip, for example, a power transistor chip, an 
MOS device chip, a diode chip, athyristorchip, or the 
like, and circuits for driving and controlling the power 
device chip are incorporated within one and the same 
package has been used widely as an inverter power 
source circuit for composing a three-phase alternat- 
ing current wave, or a power source circuit for control- 
ling peripheral equipments. 

Since the power device chip generates heat, 
therefore, there is a case where the heat causes the 
circuit elements of the built-in circuits for driving and 
controlling the power device chip to make erroneous 
operation or to get in failure. In order to protect the cir- 
cuits for driving and controlling the power device chip 
from the heat of the power device chip, therefore, the 
circuits tor driving and controlling the power device 
chip must be separated at a certain extent from the 
power device chip, and there is a limit in miniaturiza- 
tion of the power module. 

There has been therefore proposed a power 
module having a two-layer inskie structure to reduce 
the area occupied by the power module, as shown in 
Figs, 4 and 5. That is, a power module 11 has a two- 
layer structure of a base substrate 13 and a control 
substrate 14. The base substrate 13 is constituted by 
an aluminum substrate or a DBC (direct bonding cop- 
per) substrate for supporting power device chips, for 
example, power transistor chips 12. On the other 
hand, the control substrate 14 is disposed at a dis- 
tance above the base substrate 13 and constituted by 
a printed circuit substrate having printed patterns of 
circuits for driving and controlling the power transistor 
chips. An output terminal 15 of the power module is 
connected to the upper surface of the base substrate 
1 3, and patterns are provided on the base substrate 
13 for connection with input/output terminals of the 
power device chips 12 and the control circuit sub- 
strate 14. The control circuit substrate 14 is support- 
ed, at a distance above the base substrate 1 3, by con- 
nection terminals 16 which act also as support legs. 
The input/output terminals of the control circuit sub- 
strate 14 are connected to the base substrate 13 
through the connection terminals 16. Circuit ele- 
ments 17 of the circuits for driving and controlling the 
power transistor chips 12 are mounted on the control 
circuit substrate 14, and a control terminal 18 is also 
connected to the control circuit substrate 14. The 
base substrate 13 and the control circuit substrate 14 
are covered with a case cover 19 of synthetic resin. 
The base substrate 13 is exposed at its lower surface. 
Alternatively, a heat sink plate may be attached onto 



the lower surface of the base substrate 13 if neces- 
sary. 

Each transistor chip 12 employs a bare chip in 
which a base electrode 20 and an emitter electrode 21 

5 are formed on its upper surface, while its lower sur- 
face Is formed as a collector terminal 22 as a whole, 
as shown in Fig. 5. The lower surface, that is, the col- 
lector terminal 22, of this transistor chip 12 is fixed, 
through solder 24, onto the upper surface of a heat 

10 spreader 23 of metal such as copper having a high 
heat conductivity, and the lower surface of the heat 
spreader 23 is fixed onto the base substrate 13 
through solder 25. The base and emitter electrodes 
20 and 21 of the transistor chip 12 are connected to 

15 predetermined patterns 26 and 27 on the upper sur- 
face of the base substrate 1 3 by the wire bonding with 
aluminum wire 28, The collector terminal 22 is con- 
nected to a predetermined pattern (not shown) on the 
base substrate 13 through the solder 24 and wire 

20 bonding (not shown). The transistor chip 12 fixed on 
the base substrate 13 Is coated with a sealing agent 
29 of synthetic resin, as shown in Fig. 4. 

Having such a two-layer structure, the power 
module can be reduced in its area, but it increases its 

25 height Further, there is a defect that it is necessary 
to provide means for supporting the control circuit 
substrate 14 above the base substrate 13 and means 
for electrically connecting the base and control circuit 
substrates to each other. The structure is therefore 

30 made complicated, and the number of assembling 
steps increases. Further, the base substrate 13 is 
constituted by an aluminum substrate or a DBC sub- 
strate from the point of view of requiring high heat dis- 
sipation and Insulation, resulting in increased material 

35 cost. 

It is an object of the present invention to provide 
a power module which is simplified in the structure of 
connection between a base substrate supporting 
power device chips and a control substrate having 

40 printed patterns of circuits for driving and controlling 
the power delce chips. 

It is another object of the present invention to pro- 
vide a power module in which power device chips and 
circuits for driving and controlling the power device 

45 chips are arranged adjacentiy to each other substan- 
tially on one and the same plane. 

In order to attain the above objects, according to 
the present invention, the power module in which at 
least one power device chip, circuits for driving and 

50 controlling the chip, and so on are incorporated within 
one and the same package comprises: a heat spread- 
er which is constituted by a material having a heat dis- 
sipation property and which supports the power de- 
vice chip on an upper surface thereof, a control sub- 

55 strate which has printed patterns formed on an upper 
surface t hereof for forming the circuits for driving and 
controlling the chips, and a printed connection pattern 
formed on the upper surface thereof for connection 
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with the power device ch ip, and which has an opening 
for inserting the heat spreader thereinto; and a base 
substrate whtdi is constituted by a metal plate having 
a heat dissipation property and which fixedly sup- 
ports the control substrate and fixedly supports the 
heat spreader inserted in the opening. 

With this structure, the power device chip and 
the control substrate are supported substantially in 
one and the same plane so that it is possible to reduce 
the height to half in comparison with a conventional 
two-layer system. Further, since the heat spreader is 
f bced on the base substrate, the heat of the power de- 
vice chip on the heat spreader is b^nsmitted through 
the heat spreader to the base substrate so as to be 
dissipated from the base substrate, so that there is no 
fear that the heat is given to the circuit elements on 
the control substrate. It is therefore possible to dis- 
pose the circuit elements on the control substrate 
dose to the power device chip to thereby make it pos- 
sible to reduce the area of the control substrate, so 
that the power module can be reduced In size on a 
large scale in comparison with conventional ones. 

Further, in the power module according to the 
present invention, preferably, the power device chip 
and the connection pattern of the control substrate 
are connected by wire bonding to make it possible to 
absorb the difference in thermal expansion coeffi- 
cient between the heat spreader and the control sut>- 
strate so that it is possible to improve the reliability 
against thermal stress. In this case, a part of the ter- 
minals of the power device chip may be soldered to 
the connection pattern of the control substrate so that 
the heat spreader and the control substrate can be 
firmly fixed to each other through solder to thereby 
make it possible to surely hold the heat spreader and 
the control substrate even if there occurs contraction 
due to the difference in thermal expansion coefficient 
between the heat spreader and the control substrate. 

Other features and advantages of the present in- 
vention will be apparentfrom the following description 
of preferred embodiments. 

Fig. 1 is a vertical sectional view illustrating a 
main portion of a first embodiment of the power 
module according to the present invention: 
Fig. 2 is an enlarged vertical sectional view illus- 
trating a power device chip portion in the first enr>- 
bodiment viewed in the direction different from 
Flg.1: 

Fig. 3 is an enlarged vertical sectional view illus- 
trating a power device chip portion in a second 
embodiment of the power nrK>dule according to 
the present invention; 

Fig. 4 is a vertical sectional view illustrating a 
main portbn of an example of the conventional 
power module; and 

Fig. 5 is an enlarged vertical sectional view illus- 
trating a power device chip portion in the example 
of Fig. 4. 



Referring to the drawings, preferred embodi- 
ments of the present invention will be described un- 
der. In the embodiments, the constituent elements 
the same as or equivalent to each other are refer- 
5 enced correspondingly, and the description thereof is 
not repeated. 

First, referring to Figs. 1 and 2 a first embodiment 
will be described. A power module 31 is sealed by a 
base substrate 34 and a case cover 35 provided so as 

10 to cover the upper surface of the base substrate 34 
with a predetermined space therebetween. The base 
substrate 34 supports thereon a sheet of control sub- 
strate 33 which is a printed circuit substrate on which 
patterns to be connected to the terminals of power 

15 device chips 32 and patterns of circuits for driving and 
controlling the chips are printed. Circuit elements 36 
of the driving and controlling circuits are mounted on 
the control substrate 33 in the same manner as in the 
above-mentioned conventional example, and control 

20 and output terminals 37 and 38 of the power module 
31 are connected to the control substrate 33. The 
base substrate 34 is constituted by a material such as 
an aluminum plate or the like having a property of 
good heat dissipation. A heat sink plate may be at- 

25 tached onto the back surface of the base substrate 34 
in order to make the effect of heat dissipation higher. 

As shown more in detail in Fig. 2. an opening 41 
for Inserting thereir^ a heat spreader 39 for supporting 
each power device chip 32 on its upper surface is 

30 formed in the control substrate 33. The heat spreader 
39 is made of material, such as aluminum nitride, alu- 
mina, or the like, which is superior in heat dissipation 
and insulation, and the lower surface of the heat 
spreader 39 is attached to the base substrate 34 

35 through a bonding agent 42. The heat spreader 30 is 
provided at its upper surface with a metal portion 43 
treated with DBC. This metal portion 43 is disposed 
so that its lower, copper portion is made to contact 
with the heat spreader 39 and its upper, nickel-plated 

40 portion is fixed to a collector terminal 44 of t he power 
device chip 32 through solder 45. Each power device 
chip 32 has a base electrode 46 and an emitter elec- 
trode (not-shown) on its upper surface, and the lower 
surface as a whole acts as the collector terminal 44. 

45 Through wire bonding with aluminum wire 48, the 
solder 45 is connected to a pattern 47 on the control 
substrate 33 so that collector terminal 44 is connect- 
ed to the pattern 47 through the solder 45 and the alu- 
minum wire 48. Through wire bonding with other alu- 

50 minum wire 48, the base electrode 46 is connected to 
a pattern 49 on the control substrate 33. The upper 
surfaces of the pattern 47 and 49 are plated with nick- 
el and the nickel plating is further flash-plated with 
gold to make the bonding with the aluminum wire 49 

55 sure and firm. Each power device chip 32 is covered 
with a sealing material 50 composed of epoxy resin, 
silica powder as a filler, a coloring agent such as car- 
bon black as an additive, a f ire retarding material such 

3 



5 



EP 0 594 395 A2 



6 



as an oxalic acid, etc., in order to protect the power 
device chip physically, chemically and etectricaliy. 

Thus, in the power nnodule 31 in this first emtKxJi- 
ment, the opening 41 for insertion of the heat spread- 
er 39 is formed in the control substrate 33 so that the 5 
heat spreader 39 is inserted into the opening 41 so as 
to t>e mounted on the base substrate 34. Accordingly, 
the power module 31 has a substantially single layer 
structure so that it is possible to reduce its height to 
half in comparison with a conventional two-layer sys- io 
tem. Further, since the side edge of the heatspreader 
39 is disposed at a distance from the side surface of 
the opening 41. the heat of the power device chip 32 
on the heat spreader 39 is not directly transmitted to 
the control substrate 33 through the heat spreader is 
39. and since the lower surface of the heat spreader 
39 is fixed on the base substrate 34. the heat trans- 
mrtted to the heat spreader 39 is further transmitted 
from the heat spreader 39 to the base substrate 34 
and dissipated from the base substrate 34. Accord- 20 
ingly. the heat Is less transmitted from the Keat 
spreader 39 to the circuit elements on the control sub- 
strate 33, so that ft is possible to dispose these circuit 
elements close to the power device chip 32, and it is 
therefore possible to reduce the area of the control 25 
substrate 33. Accordingly, it is possible to reduce the 
power module 31 in size in comparison with conven- 
tional ones. Further, since the r "^wer device chip 32 
and the control substrate 33 are connected to each 
other through the aluminum wire 48, it is possible to 
absorb the difference in the thermal expansion coef- 
ficients between the heat spreader 39 and the control 
substrate 33 to thereby make it possible to improve 
the reliability against thermal stress. 

The assembling work of this power module 31 will 
be described. First, the power device chip 32 is fixed 
at its collector terminal 44 side to the metal portion 43 
of the heat spreader 39 through the solder 45. Next, 
the circuit elements 36 of the circuits for driving and 
controlling the chip are mounted on the control sub- 
strate 33. and the confrol substrate 33 is fixed to the 
base substrate 34 through the bonding agent 42. The 
wire bonding with the aluminum wire 48 is performed 
between the base electrode 46 of the power device 
chip 32 and the pattern 49 of the control substrate 33 
and between the metal portion 43 and the pattern 47, 
and the wire bonding with the aluminum wire (not 
shown) is also performed between a not-shown emit- 
ter electrode and a pattern of the control sut)strate 33 
(not shown) to which the emitter terminal 44 is to be 
connected, to thereby complete the electric connec- 
tion. The heat spreader 39 is applied with the bonding 
agent 42. inserted to the opening 41 , and f bced to the 
base substrate 34. The case cover 35 is then attach- 
ed. 

In a second embodiment shown in Fig. 3, a pat- 
tern 47 for connection to a collector terminal 44 of 
each power device chip 32 is provided near an open- 



ing 41 of a control substrate 33. and this pattern 47 
and a metal portion 43 are connected to each other 
through solder 51 . A heat spreader 39 and the control 
substrate 33 are fbced to each other firmly through 
soldering, so that the heat spreader 39 and the con- 
trol substrate 33 are held surely even if there occurs 
contraction due to the difference in therr\al expan- 
sion coefficient between the heat spreader 39 and 
the control substrate 33. It is therefore possible to im- 
prove the reliability against thermal stress. Further, 
in this second embodiment, a metal portion 52 similar 
to the metal portion 43 is provided on the lov.'er sur- 
face of the heat spreader 39. and fixed to the base 
substrate 34 through solder 53. Consequently, it is 
possible to improve the stability of the heat spreader 
39 to the base substrate 34. The reference numeral 
54 represents an emitter elecb-ode of the power de- 
vice chip 32, the emitter electrode 54 being connect- 
ed through aluminum wire 48 to a pattern 55 of the 
control substrate 33 to which the emitter terminal 54 
to be connected. 

Although the present invention has been descri- 
bed with reference to Its preferred embodiments, the 
description is to make the invention understood, and 
the invention can be modified variously without de- 
parting from the appended dainns. 



Claims 

30 

1 . A power module (3 1 ) in which at least one power 
device chip (32), circuits for driving and control- 
ling said chip, and so on are incorporated within 
one and the same package, said power module 
35 comprising: 

a heat spreader (39) which is constituted 
by a material having a heat dissipation property 
and which supports said power device chip (32) 
on an upper surface thereof; 
40 a control substrate (33) which has printed 

patterns formed on an upper surface thereof for 
forming said circuits for driving and controlling 
said power device chip (32) and a printed connec- 
tion pattern formed on the upper surface thereof 
45 for connection with said power device chip (32). 
and which has an opening (41) for inserting said 
heat spreader (39) thereinto; and 

a base substrate (34) which is constituted 
by a metal plate having a heat dissipation prop- 
50 erty and which fixedly supports said control sub- 
strate (33) and fixedly supports said heatspread- 
er inserted in said opening (41). 

2. A power nrK>dule according to Claim 1. in which 
55 said heat spreader (39) is provided, at its upper 
surface, with an upper metal portion (43) having 
a heat conductivity as well as an electric conduc- 
tivity, said upper metal portion (43) and an lower 
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surface of said power device chip (32) being coiv 
nected to each other through soldering (45). 

3. A power module according to Claim 1, in which 
said heat spreader (39) is provided, at Its upper s 
surfece, with a lower metal portion (52) having a 
heat conductivity as well as an electric conductiv- 
ity, said lower metal portion (52) and said base 
substrate being connected to each other through 
soldering (53). io 

4. A power module according to Claim 1, in which a 
lower surface of said heat spreader (39) Is fixed 
to said base substrate (34) through a bonding 
agent (42). i$ 



DBC in which nickel plating is given to an upper 
surface of copper, and said nickel plating is con- 
nected to said base substrate (34) through sol- 
dering. 



5. A power module according to Claim 1 . in which 
said power device chip (32) and said printed con- 
nection pattern (47, 45) of said control substrate 

(33) are connected to each otter through wb-e 20 
bonding (48). 

6. A power module according to Claim 1. in which 
said power device chip (32) has base and emitter 
electrodes (48, 54) on an upper surface of said 2S 
chip (32), and a collector terminal (44) formed by 

a whole of a lower surface of said chip (32), and 
in which said heat spreader (39) is provided, at its 
upper surface, with an upper metal portion (43) 
having a heat conductivity as well as an electric 30 
conductivity so that said upper metal portion (43) 
is connected to an lower surface of said power 
device chip (32) through soldering (45) and con- 
nected to said printed connection pattern (47) of 
said control substrate (33) through wire bonding 3S 
(48). 



7. A power module according to Claim 5. in which an 
upper surface of said printed connection pattern 
(47, 49, 55) is plated with nickel and the nickel 40 
plating is further flash plated with gold, and alu- 
minum wire is used for said wire bonding (48). 



8. A power module according to Claim 1. in which 
said power device chip (32) is covered over its up- 45 
per surface with a siealing compound (50) conv 
posed of epoxy resin, silica powder, and an addi- 
tive. 



9. A power module according to Claim 2. In which so 
said upper metal portion (43) Is constituted by 
DBC in which nickel plating is given to an upper 
surface of copper, and said nickel plating is con- 
nected to the lower surface of said power device 
chip (32) through soldering. 55 



10. A power module according to Claim 3. in which 
said lower metal portion (52) is constituted by 
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(g) In a power module (31) having at least one 
power device chip (32) and circuits for driving 
and controlling the power device chip which are 
incorporated within one and the same package, 
a heat spreader (39) which is constituted by a 
material having a heat dissipation property and 
supports the power device chip on its upper 
surface is inserted into an opening (41) formed 
in a control sut)strate (33) having an upper 
surface on which patterns for forming the chip 
driving and oontrolling circuits and a connec- 
tion pattern for connection with the power de- 
vice chip (32) are printed, and the control 
substrate (33) and the heat spreader (39) inser- 
ted Into the opening (41) are fixedly supported 
on a base substrate (34). Thus, the power device 
chip (32) and the control substrate (33) can be 
disposed In plane and reduced in size. . 
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